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(57) ABSTRACT

An alkaline cell comprising a housing having a bottom end
and a top end, and an electrode assembly disposed within the
housing. The electrode assembly comprises a single first elec-
trode and a single second electrode, a separator therebetween,
and an electrolyte. The first electrode comprises a hollow
outer body and at least one inner body positioned inside the
outer body, the outer body and the at least one inner body
being joined together inside the housing to form a single
substantially homogeneous structure having an essentially
uniform electrode properties. The second electrode com-
prises an intermediate body at least partially disposed
between the outer body and the at least one inner body and
electrically isolated from the outer body and the at least one
inner body.
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1
ALKALINE CELL HAVING INCREASED
INTERFACTAL AREA

FIELD OF THE INVENTION

The invention relates to alkaline batteries having a single
anode and a single cathode that form an increased anode-
cathode interfacial area.

BACKGROUND OF THE INVENTION

Conventional cylindrical alkaline zinc-manganese dioxide
cells (also known as “alkaline cells”), such as, for example,
AA batteries, AAA batteries, and D batteries, employ a con-
ventional bobbin construction containing a single anode and
a single cathode. The rate capability of such conventional
alkaline cells is typically limited due to a limited interfacial
area existing between the anode and the cathode and exces-
sively thick electrodes (both anode and cathode). An increase
in the anode-cathode interfacial area would raise the cell’s
rate capability.

Battery constructions that employ multiple electrodes in
order to achieve a higher interfacial area between the anode(s)
and the cathode(s) are known; such designs can also use
thinner electrodes. For example, one known design employs
more than one anode in combination with a single cathode or
more than one cathode in combination with a single anode.
Conceivably, more than one electrode of both types could also
be employed, in combination.

But such known designs utilizing multiple electrodes are
complicated by the need to electrically interconnect several
separate anode and/or cathode structures, essentially creating
parallel electrical connections between the various portions
of'the same electrode type/polarity, i.e., anode-anode connec-
tions and cathode-cathode connections, so that these can dis-
charge and deliver energy simultaneously.

For example, U.S. Pat. No. 5,869,205 is directed to an
electrochemical cell having a first electrode, such as a cath-
ode, and a plurality of second electrodes, such as anodes. A
plurality of cavities is formed within the cathode, and a cur-
rent collector electrically connects the anodes together. U.S.
Pat. No. 7,341,803 is directed to an alkaline cell with
improved high-rate and high-power discharge capacity,
wherein the cell has an additional anode or cathode.

WO 2004/095606 A2 is directed to a cell having at least
one pre-formed pellet disposed inside the cell’s housing and
including an outer electrode portion formed from a material
to geometrically define the pellet in a solid form. The pellet
includes an inner electrode encapsulated by a separator and
imbedded within the material of the outer electrode portion.
WO 2005/022671 Al is directed to a cell, such as a cylindrical
alkaline cell, comprising an inner electrode encapsulated by a
separator and having a thin cross-section in a folded configu-
ration, the inner electrode being formed such that its outer
extent is generally conforming to a contour defined by the
interior surface of the housing.

It appears that in some of the above attempts the electrode
interfacial area can be increased and the effective thicknesses
of both the anode and cathode electrodes can be reduced
relative to those in an ordinary cylindrical alkaline cell. These
approaches, however, will likely require complex and expen-
sive manufacturing processes. The complexity and cost are
born by the need to interconnect electrically the multiple
anodes and multiple cathodes, the need to create non-sym-
metric, non-concentric shapes, and the need to isolate inter-
connecting means inside the cell.
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There is a need, therefore, for a cell having an increased
electrode interfacial area and thus providing superior high-
rate performance—but not requiring the interconnection of
multiple anodes and cathodes inside the cell.

SUMMARY OF THE INVENTION

The present invention provides a cell design with superior
high-rate performance based on increased electrode interfa-
cial area and thus reduced effective electrode thicknesses, yet
having a design that does not require the interconnection of
multiple anodes and cathodes. The invention is directed to an
alkaline cell comprising a housing having a bottom end and a
top end, and an electrode assembly disposed within the hous-
ing. The electrode assembly comprises a single first electrode
and a single second electrode, a separator disposed between
the first electrode and the second electrode, and an electro-
lyte. The first electrode comprises a hollow outer body and at
least one inner body positioned inside the outer body. The
outer body and the at least one inner body are structurally
joined together inside the housing to form therein a single
substantially homogeneous structure having an essentially
uniform electrode properties, such as, e.g., electric conduc-
tivity. The second electrode comprises an intermediate body
at least partially disposed between the outer body and the at
least one inner body. The intermediate body is electrically
isolated from the outer body and the at least one inner body.

BRIEF DESCRIPTION OF THE DRAWINGS

While the specification concludes with claims particularly
pointing out and distinctly claiming the subject matter which
is regarded as forming the present invention, it is believed that
the invention will be better understood from the following
description taken in conjunction with the accompanying
drawings.

FIG. 1 is a schematic cross-sectional view of an embodi-
ment of the cell of the present invention, comprising a first
and second electrodes, showing a configuration of the cell in
which the first electrode contacts the cell’s housing, which
acts as a first-electrode current collector.

FIG. 2 is a schematic cross-sectional view of another
embodiment of the cell of the present invention, in which the
relative positions of first and second electrodes are reversed
relative to those of the embodiment of FIG. 1.

FIG. 3 is a schematic cross-sectional view of a variation of
the embodiment shown in FIG. 2.

FIG. 4 is a schematic cross-sectional view of an embodi-
ment of the cell of the present invention, in which the first
electrode contacts the cell’s housing formed by the can, and
the second electrode has two empty spaces therein, each
occupied by a portion (an inner body) of the first electrode.

FIG. 5 is a schematic cross-sectional view of the embodi-
ment shown in FIG. 4, taken along lines 5-5.

FIG. 6 is a schematic cross-sectional view of a variation of
the design shown in FIGS. 4 and 5, in which three inner bodies
of' the first electrode are disposed inside empty spaces of the
second electrode at an acute angle relative to a longitudinal
axis of the outer body.

FIG. 7 is a schematic cross-sectional view of the embodi-
ment shown in FIG. 6, taken along lines 7-7.

FIG. 8 is a schematic cross-sectional view of another
embodiment of the cell of the invention, in which the second
electrode has a shape generally comprising a cone.

FIG. 9 is a schematic cross-sectional view of an embodi-
ment of the cell, in which the second electrode has a shape
generally comprising a cone having concave outer sides.
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DETAILED DESCRIPTION OF THE INVENTION

The cell 10 of the present invention comprises a housing
20. The housing 20 can be formed, at least partially, by a can
for example. The cell has two mutually opposite ends: a first
or bottom end 11 and a second or top end 12. One skilled in
the art will readily understand that the terms such as “top” and
“bottom,” “above” and below,” and the like, are relative terms
of convention, describing the cell as it is shown in the several
drawings herein. In use, the cell 10 can be oriented otherwise.

The housing 20 can be of any conventional type commonly
used in primary alkaline batteries and can be made of any
suitable material, such as, e.g., nickel-plated cold-rolled steel
or plastic. A seal 70, which is shown in the drawings to be
adjacent to the top end 12, can be made, e.g., of a polyamide
(Nylon). The housing 20 may have a conventional cylindrical
shape—or may have any other suitable non-cylindrical, e.g.,
prismatic, shape. Interior walls of the housing 20 may be
treated with a material that has low electrical-contact resis-
tance to an electrode, such, e.g., as carbon. The interior walls
of the housing 20 may be plated, e.g., with nickel, cobalt, or
painted with a carbon-loaded paint.

An electrode assembly disposed inside the housing 20
comprises a single first electrode 30 and a single second
electrode 40. The term “single” in the present context indi-
cates that the electrode, whether solid, semi-solid, or liquid,
comprises a single substantially homogeneous structure—as
opposed to two or several separate electrodes interconnected
by a wire or wires and the like. This single substantially
homogeneous structure can be either formed as a whole of a
single body or assembled from two or more individual com-
ponents. In the latter instance, the individual components are
assembled to form a single substantially homogeneous elec-
trode having essentially uniform electrode properties, such
as, e.g., electric conductivity/resistance throughout its body.

One of the first and second electrodes 30, 40 has a positive
charge while the other has a negative charge. The electrodes
30, 40 are electrically isolated from one another by a separa-
tor 50 disposed between the electrodes 30, 40. Any suitable
separator, such as, e.g., a conventional alkaline-battery-type
separator, can be used in the cell 10. The separator 50 can
include, e.g., a layer of cellophane combined with at least one
layer of non-woven material. For an AA-type battery, e.g., the
separator 50 may have a wet thickness of less than 0.30 mm,
specifically less than 0.20 mm and more specifically less than
0.10 mm; and a dry thickness of less than 0.10 mm, specifi-
cally less than 0.07 mm and more specifically less than 0.06
mm. Any conventional method of installing the separator 50
can be used.

The first electrode 30 comprises a substantially hollow
outer body 31 and at least one inner body 32 positioned inside
the outer body 31. The outer body 31 and the at least one inner
body 32 are joined together inside the housing 20 to form a
single substantially homogeneous structure having an essen-
tially uniform electrode properties, such, e.g., as electric con-
ductivity throughout. Thus, wires or similar means are neither
needed nor employed to interconnect parts of the first elec-
trode 30.

One skilled in the art will readily understand that the terms
“hollow,” “empty,” “homogeneous,” “solid,” and the like,
when applied to the electrodes of the invention, are used
herein to describe the relative structural differences between
the described elements as such—and without regard to the
electrolyte inside the cell, current collectors inserted into one
or more electrodes, or one electrode being disposed inside the
other electrode. In other words, these terms describe the struc-
ture of an element in isolation from other elements that may
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4

be associated with (by virtue of being inside, for example) the
described element. Thus, an otherwise uniform electrode that
has a current collector inserted therein may be described
herein as “homogeneous.” Likewise, a cup-shaped electrode
that has inside electrolyte and/or a portion of another elec-
trode may be described herein as “hollow.”” By the same
token, a void or cavity inside an electrode may be described
herein as an “empty space”—even if such void is occupied, in
the assembled cell 10, by a portion of another electrode.

In the several embodiments, the first electrode 30 com-
prises a cup-shaped, essentially cylindrical, or tubular, body
31, including vertical, substantially cylindrical walls 31a
(FIG. 1), and at least a first (bottom) disk 33, having a thick-
ness “D.” The disk 33 is disposed substantially perpendicular
to the walls 314 and interconnects the latter. The terms “ver-
tical,” “horizontal,” “top,” and “bottom,” and the like are
descriptive terms of convention used herein in reference to
several elements of the cell 10 as shown in the drawings
herein. The vertical walls can be substantially parallel to a
longitudinal axis 99 of the cell 10 and to the walls of the cell’s
housing 20.

In the embodiments of FIGS. 1-3, the inner body 32 of the
first electrode 30 is formed by an essentially homogeneous
cylinder positioned inside and coaxially with the outer hollow
body 31. The inner body 32 contacts and depends from the
first disk 33, which interconnects the inner body 32 and the
walls 31a to form a single substantially homogeneous struc-
ture of the first electrode 30 having an essentially uniform
electrode properties, such, e.g., as electric conductivity. In
other words, the outer hollow body 31 and the inner body 32
are joined together by at least the first end disk 33 disposed
adjacent to the bottom end 11 of the cell 10 to form a single
first-electrode structure.

The second electrode 40 comprises an intermediate body
41 at least partially disposed between the outer body 31 and
the at least one inner body 32 of the first electrode 30. The
intermediate body 41 of the second electrode 40 is electrically
isolated from the outer body 31 and the at least one inner body
32 of the first electrode 30.

In the exemplary embodiments of FIGS. 1-3, the end disk
33, together with the separator 50, separates the second elec-
trode 40 from the inner surface of the cell’s bottom end 11. In
these embodiments, each of the housing 20, the outer body
31, the at least one inner body 32, and the intermediate body
41 has a shape comprising cylindrical walls; and the housing
20, the outer body 31, the at least one inner body 32, and the
intermediate body 41 are coaxial, i.e., they all have a common
longitudinal axis 99, or axially aligned.

A conventional current collector 35 can be inserted into the
inner body 32 of the first electrode 30. The current collector
35 may be serrated (FIG. 1) to increase its surface contact
with the material of the first electrode 30. The current collec-
tor 35 may be electrically connected to the bottom end 11 of
the cell 10, as is shown in FIG. 1, e.g., by spot welding, or by
any other suitable technique known in the art. The current
collector 35 may be made of metal, e.g., steel—or any other
suitable material. It may be optionally plated with nickel,
cobalt, or another suitable material presenting a low electri-
cal-contact resistance between the collector 35 and the first
electrode 30, and may—additionally or alternatively—be
coated with a carbon-loaded paint.

As a skilled artisan will readily recognize, one of the first
and second electrodes 30, 40 is a positive electrode (cathode)
while the other is a negative electrode (anode). For example,
in the embodiment of FIG. 1, showing a so-called “conven-
tional” configuration of the cell, the first electrode 30 is a
positive electrode that contacts the inner surface of the hous-
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ing 20, while the second electrode 40 is a negative electrode,
electrically isolated from the housing 20. In this embodiment,
the housing 20 acts as a positive current collector. The second
electrode 40 may have one or more current collectors 45
inserted therein. These current collectors 45 can extend to the
top end 12 to be electrically connected to the top-end cap,
including a seal assembly 60, which is isolated, e.g., by a seal
70, from the housing 20.

As an example, the cell shown in FIG. 1 may be assembled
in the following manner. The first-electrode current collector
35 is placed inside a suitable cylindrical die (not shown). The
die is filled with a first-electrode material, surrounding the
first-electrode current collector 35. The first-electrode mate-
rial is compacted around the current collector 35 so that it
adheres thereto. This can be repeated several times to build up
a cylinder of the first-electrode material, with the embedded
first-electrode current collector 35 inside. The resulting first-
electrode sub-assembly, comprising the cylinder of the com-
pacted first-electrode material, i.e., the inner body 32 of the
first electrode 30, with the imbedded first-electrode current
collector 35 inside, can then be removed from the die and set
aside.

A hollow outer body 31 of the first electrode 30 can be
formed inside the housing 20, adjacent to the housing’s walls.
For example, a series of rings comprising the first-electrode
material may be inserted into the housing 20 and pressed
therein. These rings can be further compacted in the housing
20 to form the hollow outer body 31 and to improve electrical
contact between the rings/the body 31 and the housing 20.
The rings may be pressed slightly oversize and may be inter-
ference-fitted into the housing 20 by using of a tapered inser-
tion die, as a skilled artisan will recognize.

The inner body 32 of the first electrode 30, with the imbed-
ded first-electrode current collector 35 inside, can then be
placed in the housing 20, having the hollow outer body 31
inside so that an annular open space is formed between the
inner body 32 and the outer body 31. The inner body 32 with
the imbedded first-electrode current collector 35 can be posi-
tioned coaxially with the housing 20, and spot-welded to the
bottom end 11 of the cell 10 to fix the inner body 32 inside the
housing 20 and to create an electrical contact between the
first-electrode current collector 35 and the housing 20.

An additional portion of the first-electrode material may be
poured through the annular open space formed between the
hollow outer body 31 and the inner body 32—and firmly
pressed from above to form the first end disk 33, bridging the
hollow outer body 31 and the inner body 31, thereby forming
a single homogeneous body of the first electrode 30. The
remaining annular open space in the first electrode 30, formed
between the hollow outer body 31 and the inner body 32 is
structured and configured to receive the intermediate body of
the second electrode 40.

Alternatively or additionally, the first electrode 30 may be
formed using extrusion, which may be performed in a single
step—or may comprise a multi-step process. For example, the
central current collector 35 may be positioned along and
coaxially with the cell’s longitudinal axis 99 and welded in
place before placing any first-electrode material into the
housing 20. A fixed weight or volume of the first-electrode
material, such, e.g., as granulate, can then be metered into the
housing 20. The housing 20 can be supported in a female die
while an extrusion punch is pushed down into the blend,
forming the first electrode 30 in one operation. Suitable tapers
on the first-electrode punch may allow it to be retracted with-
out damaging the first electrode 30.

The annular open space formed between the hollow outer
body 31 and the inner body 32 of the first electrode 30 may
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then be lined with any suitable separator 50, e.g., in the form
of'a liquid-applied separator or a conventional non-woven or
cellophane separator. Next, the open space formed between
the hollow outer body 31 and the inner body 32 may be filled
with a second-electrode material to form the second electrode
40. Alternatively, a compacted body of particulate material,
such as, e.g., zinc, may be pre-formed and placed into the
separator-lined open space formed between the outer body 31
and the inner body 32. In one embodiment, e.g., a compacted
cylinder of particulate second-electrode material may be
wrapped or coated with the separator 50 and then inserted into
the open space formed between the hollow outer body 31 and
the inner body 32 of the first electrode 30.

The electrolyte may then be dispensed, e.g., pipetted, into
the cell 10 to wet out all of the components therein. Any
suitable electrolyte may be used in the cell 10. For example,
the electrolyte may comprise an aqueous solution of alkali
hydroxide, such as potassium hydroxide or sodium hydrox-
ide. The electrolyte can also be an aqueous solution of saline
electrolyte, such as zinc chloride, ammonium chloride, mag-
nesium perchlorate, magnesium bromide, or their combina-
tions.

The cap assembly 60, including the seal 70, may then be
installed. This may include installing one or more second-
electrode current collector(s) 45 (FIG. 1). These current col-
lectors 45 can be made, e.g., from a suitable low-gassing
metal such as, e.g., phosphor bronze, tin plated brass, et
cetera, as one skilled in the art would recognize. The current
collector(s) 45 are partially immersed in, or otherwise make
contact with, the second electrode 40.

The assembled cell 10, containing a single first electrode
(e.g., cathode) and a single second electrode (e.g., anode),
exhibits an increased interfacial area therebetween. In addi-
tion, the cell 10 can be said to have effectively thinner elec-
trodes than a conventionally built alkaline cell. The term
“effectively thinner” in the present context means that
although the total physical thickness of the electrodes may be
the same as, or similar to, that of a conventional cell, these
electrodes’ ability to discharge from both sides at once effec-
tively minimizes their “electrochemical” thickness, relative
to conventional electrodes. In addition, the second electrode
40 is able to discharge from a third side, juxtaposed with the
at least first end disk 33 disposed at the bottom end of the cell
10.

As is explained herein, either the first electrode 30 or the
second electrode 40 can be a cathode, and either the second
electrode 40 or the first electrode 30 can be an anode. If in
FIG.1, e.g., thefirst electrode 30 may constitute a cathode and
the second electrode 40 may constitute an anode, then in
FIGS. 2 and 3, e.g., the relative positions of the cathode and
the anode can be said to be reversed relative to those shown in
FIG.1.In the embodiments of FIGS. 2 and 3 the first electrode
30 may constitute an anode, comprising the outer hollow
body 31 and the inner body 32; and the second electrode 40
may constitute a cathode, comprising the intermediate hollow
body 41, disposed between the outer hollow body 31 and the
inner body 32 of the anode.

In the embodiments in which the first electrode constitutes
an anode, the housing 20, made, e.g., of steel, may be lined
with plastic to avoid direct contact of the zinc anode with
steel, which may result in severe hydrogen gassing. The plas-
tic may comprise a free-standing molded insert. Alternatively,
the walls of the housing 20 may be coated with plastic. The
first-electrode current collector 35 (which in FIGS. 2 and 3 is
a negative current collector) may comprise a conventional
bronze or brass nail, inserted into the anode slurry. The cath-
ode may comprise a conventional cathode blend pressed onto
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a metal grid 49, such as, e.g., steel or nickel-plated steel with
optional carbon coating, and formed into a hollow cylinder.
An insulated wire 80 may be attached to the cathode metal
grid 49 allow an eventual connection to the steel housing 20.

In the exemplary embodiments of FIGS. 2 and 3, the hous-
ing 20 may be filled with anode zinc slurry. The second
electrode 40, comprising an intermediate body 41, may be
enclosed in the separator 50 (liquid-applied or conventional
non-woven or cellophane) and is inserted into the anode
slurry so as to be totally immersed, leaving a bridge of slurry
disposed over the top of the cathode, adjacent to the top end
12 of the cell 10, and connecting the inner body 32 of the first
electrode 30 (comprising in FIG. 2 the anode central cylinder)
with the outer hollow body 31. The cathode cylinder is not
pushed all the way to the bottom of the housing 20, but is
allowed to float at the distance D from the inner surface of the
housing’s bottom, so that another bridge of anode slurry
remains below the cathode, adjacent to the bottom end of the
cell 10, and also connecting the inner body 32 with the outer
hollow body 31. In the assembled cell 10, the bridge of the
anode slurry disposed over the top of the cathode forms the
first end disk 33; and the bridge of the anode slurry disposed
below the cathode forms the second end disk 34, having a
thickness D2.

An insulated wire 80, attached to the cathode grid 49, may
be threaded through the seal assembly 60, which may then be
placed and crimped over the cell 10. The first-electrode cur-
rent collector 35 (which may comprise a conventional bronze
or brass material) can be inserted into the central portion of
the anode, connecting it to the cell’s negative terminal. The
insulated wire 80 connected to the current collector grid 49
can be also connected (e.g., spot welded) to the positively
charged housing 20. An integrally formed connection in the
steel housing 20 forms the positive terminal.

In the embodiment of FIG. 3, the housing 20 can be made
of plastic. To avoid moisture permeation in either direction,
the plastic may be metallized on the exterior surface. The
insulated positively charged lead in this embodiment con-
nects directly to the positive terminal, which may comprise a
separate assembly from the housing 20. The connecting wire
80 can take the form of a thin flat metal ribbon, positioned
under the cell’s label. The plastic housing has an advantage of
a lower manufacturing cost compared to that of a steel hous-
ing. However, since plastic is not nearly as stiff or strong as
steel, a thicker plastic housing wall may be required, thereby
diminishing the available internal volume of the cell.

In the embodiment of FIGS. 4-5 and 6-7, the first electrode
30 comprises a hollow outer body 31 and more than one inner
body 32 positioned inside the outer body 31. In the exemplary
embodiments of FIGS. 4 and 5, the first electrode 30 com-
prises two inner bodies 32; and in the exemplary embodi-
ments of FIGS. 6 and 7, the first electrode 30 comprises three
inner bodies 32. In both embodiments, the inner bodies 32 are
not coaxial with the outer body 31 of the first electrode 30,
i.e., in these embodiments the inner bodies 32 are positioned
at an angle relative to a longitudinal axis 99 of the outer body
31 (and the cell 10). In the embodiments of FIGS. 4 and 5, the
inner bodies 32 are substantially perpendicular to the com-
mon longitudinal axis 99 of the cell 10 and of the outer body
32. In the embodiment of FIGS. 6 and 7, the inner bodies 32
are positioned at an acute angle relative to a longitudinal axis
99 of the cell 10. In the above embodiments, the outer body 31
and the inner bodies 32 of the first electrode 30 are joined
together inside the housing 20 to form a single substantially
homogeneous structure of the first electrode 30 having an
essentially uniform electrode properties, such, e.g., as electric
conductivity throughout.
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Inthe above exemplary embodiments of FIGS. 4-5 and 6-7,
the intermediate body 41 of the second electrode 40 has at
least one void, or empty space, therein. This at least one void
or empty space is at least partially occupied by the inner body
32. In the embodiment of FIGS. 4 and 5, the intermediate
body 41 has two empty spaces therein, each at least partially
occupied by the inner body 32; and in the embodiment of
FIGS. 6 and 7, the intermediate body 41 of the second elec-
trode 40 has three empty spaces therein, each at least partially
occupied by the inner body 32. In other words, each of the
inner body 32 of the first electrode 30 is at least partially
disposed in the corresponding empty space, or void, formed
in the intermediate body 41 of the second electrode 40.

The present invention contemplates embodiments in which
at least a portion of one of the outer body 31, the inner body
32, and the intermediate body 41 has a shape selected from the
group consisting of cylinder, prism (not shown), polyhedron
(not shown), torus (not shown), pyramid (not shown), cone
(including frustum of a cone or cone-like shapes), sphere
(including semi-spherical or partially-spherical shapes) (not
shown), and any combination thereof.

In the exemplary embodiment of FIG. 8, e.g., the inner
body 41 of the second electrode 40 comprises a cone. FIG. 9
shows another exemplary embodiment of cell 10 in which the
inner body 41 ofthe second electrode 40 has a cone-like shape
comprising a “cone” having a curved, concave side surface.
An alternative embodiment (not shown) of the cell 10, in
which the second electrode 40 has a cone-like shape compris-
ing a “cone” having a convex side surface is also contem-
plated.

All of the above embodiments of the cell 10 offer an
increased interfacial area; therefore, a higher rate capability is
expected in all of the above embodiments. All of the above
embodiments are within the scope of the present invention.

Any known anode can be used in the cell 10 of the inven-
tion. The anode can be formed of an anode active material, a
gelling agent, and minor amounts of additives, such as gas-
sing inhibitor. Examples of the anode active material include
zinc. The anode material may comprise conventional zinc
slurry or solid zinc, such as, e.g., one formed of particulate
zinc and possessing a high specific-surface area, similar to
that of a conventional zinc slurry. The anode can be electri-
cally isolated from the cathode by an electronically insulating
but ionically conductive separator. Preferably, to compensate
for the increased active material in the cathode, the anode
active material includes zinc having a fine particle size, e.g.,
an average particle size of less than about 175 microns. The
use of this type of zinc in alkaline cells is described, e.g., in
U.S. Pat. No. 6,521,378, the disclosure of which is incorpo-
rated herein by reference. The zinc loading also tends to affect
the degree of cell distortion, with higher loadings tending to
cause increased swelling of the anode. The zinc loading in the
zine slurry used to manufacture the anode can be from about
64% to about 69% and more specifically from about 66% to
about 68%. Examples of a gelling agent can include a poly-
acrylic acid, a grafted starch material, a salt of a polyacrylic
acid, a carboxymethylcellulose, a salt of a carboxymethylcel-
Iulose (e.g., sodium carboxymethylcellulose) or combina-
tions thereof. The gassing inhibitor may include an inorganic
material, such as, e.g., bismuth, tin, or indium. Alternatively,
the gassing inhibitor can include an organic compound, such
as, e.g., a phosphate ester, an ionic surfactant, or a nonionic
surfactant.

Anode metal grids and foils which act as a current collector
and support for the zinc active material may include any
low-gassing metal or alloy, such as, e.g., brass, bronze, silicon
bronze, phosphor bronze, copper or silver and may be coated
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or plated with, e.g., tin, indium, silver, copper, lead, or cad-
mium to further reduce gassing.

Any known cathode material can be used in the cell 10 of
the invention. The cathode material may be “hard” (MnQO,,
graphite, KOH, H,O, optional binder and minor additives) or
“soft” (MnQO,, carbon black, graphitized carbon black, KOH,
H,0, optional graphite, binder and minor additives). MnO,
may be EMD (Electrolytic Manganese Dioxide) or CMD
(Chemical manganese Dioxide) or a blend. Graphite may be
natural, synthetic, expanded or non-expanded. Carbon black
may be a conventional carbon black (acetylene black, lamp-
black, channel black) or a graphitized carbon black. Carbon
fibers, carbon nanotubes, carbon nanofibers or other conduc-
tivity aids (metal flake, fiber, powder) may be employed along
with graphites and carbons or in place of these.

Cathode metal grids and foils which act as a current col-
lector and support for the cathode blend may consist of iron,
steel, nickel plated steel (NPS), nickel, nickel alloy and may
be plated with nickel, cobalt, gold or alloys of these metals
and may also be coated with carbon-loaded conductive
paints.

The cathode material may be provided in the form of
pressed pellets. For optimal processing, it is generally pre-
ferred that the cathode have a moisture level in the range of
from about 2.5% to about 5% and more specifically from
about 2.8% to about 4.6%. It is also generally beneficial to
have the cathode having a porosity of from about 22% to
about 30%, for a good balance of manufacturability, energy
density, and integrity of the cathode.

Examples of binders that can be used in the cathode include
polyethylene, polyacrylic acid, or a fluorocarbon resin, such
as PVDF or PTFE. One example is a polyethylene binder sold
under the trade name COATHYLENE HA-1681, available
from Hoechst or DuPont. Examples of other additives are
described in, for example, U.S. Pat. No. 5,698,315, U.S. Pat.
No. 5,919,598; and U.S. Pat. No. 5,997,775, and U.S. appli-
cation Ser. No. 10/765,569.

We believe that the battery of the invention, having
increased interfacial area as described herein, provides an
improved performance over a comparable battery of a con-
ventional bobbin-type design having equivalent parameters.
A simulated discharge performance testing can be based upon
a first-principles mathematical model that models key phe-
nomena, such as mass transport, anode and cathode reaction
kinetics, etc., that occur within a battery under a specific
discharge condition, in order to predict battery performance.
The discharge protocol of the simulated discharge perfor-
mance test consists of simulating the application of a con-
stant-current discharge of 250 m A to a specific battery design
until the battery reaches a 0.9 V cutoff voltage. The total
number of hours, or runtime, for the simulated battery to
reach the cutoff voltage is reported.

Parameters for an AA battery, as schematically represented
in FIG. 1, having electrodes of increased interfacial area, are
selected for entry into the simulated-discharge-performance-
testing model. The simulated battery has an anode, includes
4.34 g of zinc (Zn), in an aqueous electrolyte. The simulated
battery includes 3.82 g of an aqueous electrolyte including 33
weight percent potassium hydroxide (KOH) and 2 weight
percent zinc oxide (ZnO) in water. The simulated battery has
a cathode, including electrolytic manganese dioxide (EMD)
in the amount of 10.1 g and 0.46 g of graphite. The cathode
has a porosity of 26%. The simulated battery also includes a
separator that is inert and porous. The simulated battery also
includes current collectors that are inert and electronically
conductive.
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The simulated discharge performance testing is a simu-
lated run with the aforementioned battery parameters. The
battery of increased interfacial area of the design represented
in FIG. 1 may result in a simulated discharge performance of
10.7 hours. This is an improvement of about 11% when com-
pared to the simulated performance of an AA battery of a
conventional bobbin design having equivalent parameters of
the increased interfacial area battery, such as amount of active
material, electrode formulations, and separator, along with a
current-collector nail centrally located within the anode com-
partment of the bobbin cell.

Any dimensions and values disclosed herein are not to be
understood as being strictly limited to the exact numerical
values recited. Instead, unless otherwise specified, each such
dimension or value is intended to mean both the recited
dimension/value and a functionally equivalent range sur-
rounding that dimension/value. For example, the dimensions
disclosed herein as “0.30 mm,” “0.20 mm,” and “0.10 mm”
are intended to mean, respectively, “about 0.30 mm,” “about
0.20 mm,” and “about 0.10 mm.”

While particular embodiments of the present invention
have been illustrated and described, it would be obvious to
those skilled in the art that various other changes and modi-
fications can be made without departing from the spirit and
scope of the invention. The appended claims, therefore, are
intended to cover all such changes and modifications that are
within the scope of this invention.

What is claimed is:

1. An alkaline cell comprising a housing having a bottom
end and a top end, and an electrode assembly disposed within
the housing, the electrode assembly comprising a single first
electrode and a single second electrode, a separator disposed
between the first electrode and the second electrode, and an
electrolyte, wherein

the first electrode comprises a hollow outer body and at

least one inner body positioned inside the outer body, the
outer body and the at least one inner body being joined
together inside the housing to form a single substantially
homogeneous structure having an essentially uniform
electrode properties; and

the second electrode comprises an intermediate body at

least partially disposed between the outer body and the
at least one inner body and electrically isolated from the
outer body and the at least one inner body;

wherein the first electrode comprises at least a first end disk

disposed adjacent to the bottom end of the cell and
integrally interconnecting the outer hollow body and the
at least one inner body to form the single substantially
homogeneous structure.

2. The cell of claim 1, wherein the at least one inner body
is positioned coaxially with the outer body.

3. The cell of claim 1, wherein the at least one inner body
is positioned at an angle relative to a longitudinal axis of the
outer body.

4. The cell of claim 1, wherein the intermediate body has at
least one empty space therein, said at least one empty space
being at least partially occupied by the at least one inner body.

5. The cell of claim 1, wherein the intermediate body is
coaxial with at least one of the outer body and the at least one
inner body.

6. Thecell of claim 1, wherein at least one of the outer body,
the at least one inner body, and the intermediate body has a
shape selected from the group consisting of cylinder, prism,
polyhedron, torus, pyramid, cone, sphere, and any combina-
tion thereof.

7. The cell of claim 1, wherein each of the housing, the
outer body, the at least one inner body, and the intermediate
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body has a shape comprising a cylinder and wherein the
housing, the outer body, the at least one inner body, and the
intermediate body have a common longitudinal axis.

8. The cell of claim 1, wherein the first electrode further
comprises a second end disk disposed adjacent to the top end
of the cell and integrally interconnecting the outer hollow
body and the at least one inner body to form the single sub-
stantially homogeneous structure.

9. The cell of claim 1, wherein the cell includes at least one
first current collector disposed inside the at least one inner
body and electrically connecting the first electrode to one of
the top end and the bottom end of the housing.

10. The cell of claim 9, wherein at least one of the first
current collector and the second current collector comprises
material selected from the group consisting of steel, bronze,
and any combination thereof.

11. The cell of claim 9, wherein at least one of the first
current collector, the second current collector, and the hous-
ing is plated with a material having low electrical-contact
resistance to the first electrode.

12

12. The cell of claim 11, wherein the material having low
electrical-contact resistance is selected from the group con-
sisting of nickel, cobalt, carbon-loaded paint, and any com-
bination thereof.

13. The cell of claim 1, wherein the cell includes at least
one second current collector electrically connecting the sec-
ond electrode to the housing or to one of the bottom end and
the top end of the housing.

14. The cell of claim 1, wherein the first electrode is a
positive electrode (cathode) and the second electrode is a
negative electrode (anode).

15. The cell of claim 1, wherein the first electrode is a
negative electrode (anode) and the second electrode is a posi-
tive electrode (cathode).

16. The cell of claim 1, wherein the housing is at least
partially made of a metal lined with a plastic to isolate inner
surface of the housing from the first electrode.

17. The cell of claim 1, wherein the housing is at least
partially made of a metalized plastic.
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